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Introduction

This report consists of a tabulation of standard axidation potentials
for several of the transition elements, all referring to aqueous solutions
at 25°C. Many of these values are derived from more recent data than were
considered in earlier compilations of thermodynamic da.ta1 and oxidation
potentialsz. Sources of data cited here are not listed in this report,
but will be listed in detail, along with related thermodynamic data, in
subsequent publications. Readers who are interested in this detailed
discussion of sources of these potentials and in the related thermodynamic
data may obtain same of these before further publication by communicating
with the author, Some further potentials will also be tabulated later,

In spite of considerable discu:ss.’t.cm3-6 in recent years, general
agreement is still lacking on "sign conventions" for potentlals. Much of
the confusion arises because "sign" can be either electrical or algebraic.

Potentials measured in the laboratary are positive or negative in an
électrical sense. These electrical cell potentials lead to electrode
potentials (based on an arbitrary conventional value for a reference
electrode) that are also positive or negative in an electrical sense.

The electrical signs of these electrode potentials are independent of how
we write the electrode reactions. The standard electrode potential of a

Ag/Ag" electrode (taking EC = 0.0 v for the Hy/H' electrode) is conveniently
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represented as @ 0.8 v where @ is written to emphasize that the sign
is electrical and is independent of how we choose to represent the electrode
or the reaction that occurs at the electrode,

On the other hand, the potentials that are used in thermodynamic
calculations are positive or negative in an algebraic sense. We may call
these quantities reaction potentials and half reaction potentials to
distinguish them from cell potentials and electrode potentials that have
electrical signs. The algebraic signs of these reaction potentials and
half reaction potentials depend on the directions of the reaction or
half reaction equations under consideration. Thus we write

Ag(c) = Ag*(aq) + e~ E°=-0.8y (1)
and

Agt(aq) + ™ = Ag(c) E° =+40.8 v (2)

The potential in (1) may be called an (algebraic) oxidation potential
for the Ag/Ag+ Half reaction while the potential in (2) is an (algebraic)
reduction potential for the Ag+7Ag half reaction., All potentials tabu~
lated in this report are oxidation half reaction potentials with
algebraic signs as in (1). These tabulated half reaction oxidation
potentials are based on the usual references:

Hy(g) =2 H'(aq) +2 &~ o

=0v (3)
Hy(g) + 2 OH (aq) = 2 H,0(1iq) +2 e~ E° =0.828 v %)
The standard states relevant to these standard potentials are also
the usual onesl’z.
It might be mentioned that the decision to tabulate half reaction

potentials with algebraic signs rather than electrode potentials with
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electrical signs (+ is not necessarily interchangeable with (::» was
based on a greater personal interest in thermodynamics and chemical
equilibrium than in electrochemistry, It may be that future tabulations
should be made in terms of reduction potentials so that +-and.<::> are
equivalent and - and @ are equivalent, thus eliminating the need to
think about the meaning of "sign',

The "sign convention" used here permits straightforward use of the
familiar AG° = -nFES which at 25°C is conveniently transformed to

log K = 16,9 n E° (5)

In addition to giving oxidation potentials, Latimer's practice2
of also presenting these same data in the form of potential diagrams has
also been followed,

Many of the potentials tabulated in this report were obtained from
. electrochemical measurements., Many others were obtained from thermo-
dynemic data. These approaches have been summarized authoritatively7
and also in more elementary fashion8.

For some compounds and ions of interest, we are lacking standard
potentials, but we do have data that refer to a particular concentration
of some particular electrolyte. In reporting such potentials, the super-
script © is omitted and the medium is described in parentheses, For
example, a potential that applies to 1 M KCl is indicated by E(1 M KCl).
Most of the available data apply at 25° -~ all others are specifically
indicated as by E(20°).

Istimated potentials are all enclosed in parentheses, as E° = (0.5) V.
In some cases we have potentials that lead to "experimental" standard
potentials that are quite uncertain for any of a variety of reasons,

Such approximate potentials are indicated by = .



Chromium
Acidic solution:
or(c) = cr™%(aq) +2 & =09y
or2(aq) = cr™(aq) + " E° = 0.4 v
or(CN) g *(aq) = or(oN)g> (aq) + € =128y
2 0r(aq) +7 H0(14q) = CroOp + L H(aq) +6¢”  E°=-133y

or'3(aq) + 4 H,0(liq) = HOrO) (aq) + 7 H'ag) +3 &= E°=-1.35v

HCrO,

Crzo;2
" Basic solution:
Cr(c) +2 OH (aq) = Cr(OH),(c) +2 €~ B =1.6%
Cr(OH),(c) + OH (aq) = Cr(oH)5(c) +e” =16y
Cr(0H)5(c) + 5 OH (aq) = CrOZB(aq) +4 H0(lg) +2¢” EZo0ly
cro3(aq) + 4 OH (aq) = Crof(aq) +2H0(g) +2¢° 202y
Cr(O'rI)B(c) + 5 OH (aq) = CrOZz(aq) + 4 Hzo(liq) +3e¢ EZ00 v
croj(aq) + 4 OH (aq) = CrOZZ(aq) +2H,0(liq) +3¢  E°S01 ¥
CrOZB(a,q) = CrOZz(aq) +e” 2 .01y

0.0

Cr 1.6 Cr(OH)z 1.6 Cr(OH)B 0.1 CrOZB ~=0,1 CrO-z

- NO. 2
CrO2

|




Cobalt
Acidic solution:
Cole) = Co-H-(aq) +2e E® = 0,29 v
Co T (aq) = CotP(ag) + &~ E(L N H,80,) = -1.81 ¥
E(k ¥ HC10)) = -1.95 ¥
E(3 M HNO;) =-l.84 ¥
E(4 M HNO;) =-1.85y
Eo g "109 I
[Co(II) in CN~] = [Co(III) in ON"] + e~ E® = (~1.0)
Co 2229 ot _=L.9 13
Basic solution:
Co(c) + 2 OH (aq) = Co(OH),(c) +2 & = 077 v
Co(c) + 6 NHB(aq) = Co(NHB)Z-F +2e E® = 0.43 v
Co(OH),(e) + OH (aq) = Co(0H)4(c) + & E° = 0,26 ¥
Co(NHB)?(aq) = Co(NHB)ZB(aq) +e” E° gi-O.B v
4+ _ —+3 - -
Co(NHB) 5HR0 (aq) = Co(NH3)5H20 (ag) + e EQ M NHhNO3) =-0.37 ¥

EQ M NHhCth) =-0.33 ¥

Co Q.77 Co(OH)2 —=0.26_ Co(OH)3

|—O-‘AL Co(NH3 ).:- £=0.3 Co(NHB)Z3
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Gold
Au(e) + 2 C17(aq) = AuCl;(aq) +e
Au(c) +4 Cl (ag) = AuCl;(aq) +3 e
Au01'2‘(aq) +2 Cl7(aq) = AuCl;(aq) +2e”
Mu(e) +2 Br (ag) = AuBr;(a.q) +e
Au(c) +4 Br(aq) = Aubr) (aq) +3 e~
AuBrg(aq) 2 Br (aq) = AuBr;(aq) +2e”
Mu(c) + I (aq) = aul(c) +e

aule) = aut(aq) + e~

Ma(e) + 3 H,0(1iq) = Au(OH),(c) +3 H'(aq) +3 o
2 hu(c) +3 H,0(1iq) = Auy0(c) + 6 H(ag) + 6 e~

Mu(c) = Au+3(aq) +3 e

mt(ag) = m*(aq) +2 ¢

Au(c) + 2 SCN"(aq) = Au(SCN),(aq) + e

Au(c) + 4 SCN (aq) = Au(SCN)Z(aq) +3 "
Au(SCN)E(aq) + 2 80N"(aq) = Au(SCN)Z(aq) +2e"

Au(e) +2 CN (aq) = Au(CN)E(a.q) +e

-1045 AU.(OH)B
"'1.36
Auzo3
PR T A Neloly awP
p—=Le22 pucay 02— w1y
0. pupr> =080 AuBr,
L =0.30 ,01
0.61
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E(1 ¥ HC1) = ~0.69 ¥
E(1 M HC1) = ~0.66 ¥
E(1 M HC1) = ~0.64 ¥

E° = 0,61 v



Iridium
Acidic solution:
Ir(c) + H20(liq) = IrO(surface) + 2 H+(aq) +2e
Ir(c) +2 HZO(]iq) = Ir02(surface) + H+(aq) +4 e
IrClg3 (aq) = IrClgz(aq) +e”
IrBrg3 (aq) = IrBt‘gz(aq) +e”

IrIg3 (aq) = IrIg2 (aq) + e

E =<-0.87v
E° = -0.9% v
E° = -0.867 v
B0 =-0.9 v

E(1 MKI) = 0.9 ¢



Manganese
Acidic solution:
Mn(c) = Mn' (aq) +2 e ° =119y
it (aq) = m*(aq) + e~ E® = (-1.5) ¥
Mn**(aq) + 2 Hy0(Liq) = Mn0,(c) + 4 H'(aq) +2 €~ B =-1.239 ¥
Mn* (aq) +2 H,0(1iq) = Mn0,(c) + 4 H'(aq) + & E° = (-1.0) ¥
Mn0,(c) + 2 H,0(liq) = MnOZz(aq) +4 H(aq) +2 ¢ B =-2i26 v
Mn0; (aq) = W0 (aq) + " EC = 0,558 v
Mn'"(aq) + 4 H,0(liq) = Mn0] (aq) + 8 H(aq) +5 o =151y
Mnoz(c) +2 H20(]_1.q) = Mno;(aq) + 4 H+(a.q) +3 e ° = -1,69 v
Mn(CN)g(aq) = Mn(CN)g (aq) + ¢~ B0 = 40.2 ¥

=1,51




Manganese - contimed

Basic solution:
Mn(c) + 2 OH (aq) = Mn(OH),(c) +2 &~
Mn(OH), (c) + GH (aq) = Mn(OH)B(c) +e
Mn(CH),(c) + 2 OH (aq) = MnO,(c) + 2 H,0(liq) +2 e~
Mn(OH)B(c) + OH (aq) = Mn0,(c) + 2 H,0(liq) + e
Mn0,(c) + 4 OH (aq) = MnO 3(aq) +2H o(uq) +e”
MnO 3(a.q) = ¥n0;%(aq) + &
MnO z(aq) = ¥n0; (aq) + e
Mn(cn)“*(aq) -Mn(cm ?(aq) +e”
Mn(OH)z(c) + 6 OH (ag) = MnOh(a.q_) + 4 Hzo(liq) +5e
MnO, (c) + 4 OH (aq) = Mno"(aq) +2H O(liq) +3¢
Mn0, (c) + & O™ (ag) = MnO 2(aq) +H,004q) +2 &

0,033 -0, 588

Mn Le22 Mn(OH),, 20.2 ¥n(OH), 2=0.1 204 uno, 0.9 o3 =03 ypo2

Tk L
ot |

0,34

EE=1,59%
E°=0.2v
E° = 0,033 v
E° = <0l v
E°=-09y
E2=-03y
E° = -0,558 ¥
E° =402 v
B0 = 0434 y
E° = -0,588 y
E° = -0,60 v
|
02228 ppno;
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Nickel

Acidic solution:

Basic

Ni(c) = Niﬁ(aq) +2e”

1 (aq) + 2 H,0(11q) = MO, (c) + 4 H'(aq) +2 &
Ni 0,232 TR -1,68 NLO
2

solution:

Mi(c) + 2 OH (aq) = M (OH),(c) +2 e

Mi(c) +4 ON (aq) = M(CN); (aq) +2 &

Mi(c) +6 N (aq) = ML(NL); (aq) +2 o7

Ni(OH),(c) + 2 OH (aq) = MO, (c) + 2 Hy0(liq) +2 e
Ni(OH)z(c) + OH (aq) = Ni(OH)B(c) +e”

Ni(OH)B(c) + OH (ag) = NiO,(c) + 2 H,0(liq) + e

Ni .2.7..7_ Ni(OH)2 _-.;._2'_2_ Ni(OH)3 _‘_0.3.9.6.. Ni02

=0.49

E° =0.232 ¥
E° =168 v
E =0Ty
°=1,12 v
E°=0.48y
£° = <049 v
E° =-0.52 v
E° = <0.46



Osmium
Acidic solution:
0s(c) + 4 H,0(1iq) = 080, (aq) + 8 H (aq) + 8 " B = -0.8, v
033123 (aq) = OsBrgz(aq) +e E(2,1 M HBr) = -0.349 ¥
050172 (aq) = 0sC1z%(aq) + &~ B = (-0.8) ¥
0s0,+2H,0(c) = 050, (aq) + 4 H(aq) + 4 e~ = -0.96 v
0s(c) + 4 Hy0(1iq) = 0s0,+2H,0(c) + 4 K (aq) + 4 e~ P = -0.72

-Olell-

0s —Lel2 00,,+2H,0 0.6 050, (aq)

Basic solution:

Os(e) + 4 OH (aq) = 0s0,°2H,0(c) + 4 &~ E2 =012y
0s0,*2H,0(c) + 5 OH (aq) = HOsO;{aq) + 4 H,0(1iq) +4 ¢ E° = ~0,09 v
Os(c) +9 OH (aq) = HOsOj(aq) + 4 H,0(1iq) +8 e~ E°=0.0y
0.0 l
0.12 . 0,09 -
Os 0&*»02 2H20 —t HOsO5



Rhodium
Acidic solution:

[+

Rh(e) + Hy0(liq) = RhO(surface) + 2 H'(aq) + 2 o~ B = -0.,8l v
2 ith(e) + 3 H)0(14q) = Rh0 (surface) + 6 H'(aq) + 6 ¢~ E° = -0,88 y
Rh(c) = Rh+3(aq) +3e E° = (-0.7) ¥
Rh(c) + 6 C17(aq) = RhC1Z>(aq) +3 o B = (-0.5) y
Rh™(aq) + H,0(1iq) = BhO™F(aq) + 2 H'(aq) + &~ e By
R (aq) + 4 Hy0(liq) = RhOZz-(aq) +8 H(ag) +3 &~ P25y
RhO T (aq) + 3 H,0(11q) = Rhozz(aq) +6H(ag) +2e° E°2a5y
RhCL(aq) = BhC17(aq) + &~ B 2 (-1.2) ¥
Rh(ON)Z*(aq) = R(CN)> (aq) + €™ B2 (0.9) v
23 gy he2) 2 RhCL
Rh S:.o.!.ﬂ_ Rh+3 . ¥V ‘..hO.H- _—:l-.!.L= RhO.z
1-=0.8 RhO(surface)

0.2 Rh‘,zo3 (surface)

Basic solution:

Rh(c) + 3 OH (aq) = Rn(OH),(c) +3 e” B0 = (0,0) ¥
Rh(0H);(c) + 5 OH"(aq) = RHO;*(aq) + 4 H0(1ig) +3 6™ E°2 (0.1) ¥
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Ruthenium
Acidic solution:
Ru' " (aq) = Ru+3(aq) +e ° =029 v
Ru(c) + 4 Hzo(liq) = RuOh(aq) + 8 H+(a.q) +8e E° = -1,04 v
Ru(c) + 2 Hzo(liq) = Ru02(c,hydrous) + 4 H+(aq) +4 e EC = -0.68 v

Ru02(c,hydrous) +2 H20(liq) = RuOh(aq) + 4 H+(aq) +h4 e EX=-l40v

"'lcot'{- l
0,68 |
Basic solution:
Ru(c) + 4 OH (aq) = Ru02(c,hydrcus) +2 H20(liq) +14 e E° = 0.15 ¥

Ru0, (¢, hydrous) + 4 OH (aq) = Ru0;(aq) + 2 H,0(liq) +2 ¢~ E°=-0.35y
Ru0,(c,hydrous) + 4 OH (aq) = Ru0, (aq) + 2 H,0(1iq) +3 e~ E° = -0.43 v

RuO, (c,hydrous) + 5 OH (aq) = HRuOj(aq) + 2 Hy0(liq) + 4 &7 E° = -0.54 v
E

Rqu(c,hydrous) + 4 OH (aq) = RuOh(aq) + 2 H2O(liq) +he = ~0,57 v

RuOZz(aq) = Ru0j(aq) + ¢ B = -0.59 v

RuOl:(aq) = RuOh(a.q) +e E° = -1,00 v

Ru(M;)g " (aq) = Ru(NHB)ZB(a.q) +e B = -0.21 ¥

Ru(cn)g‘*(aq) = Ru(cn)'6‘3(aq) +e = 0,86 ¥
| -0,57

By 0s15 Ru0, L0 -0.35 Ruof 0,59 Ru0] 1,00 Ru0,

l =0.43 J




silver

Acidic solution:
aglc) = Ag'(aq) + e~
Agfe) + €1 (aq) = AgCl(c) +e”
Agle) + Br (aq) = AgBr(c) +e”
Agle) + I"(aq) = Agl(e) + e~
Agle) + Iog(e.q) = AgIO3(c) +e
2 agle) + H,5(aq) = AgyS(e) + 2 H'(aq) +2 &
ag ' (aq) = Ag"(aq) +€”
2 ag*(aq) +3 H,0(11q) = Ag0,(c) + 6 H'(aa) + 4 o~
2 nrgOlec) + Hzo(nq) = Ag203(c) +2 H+(aq) +2 e
2g M (aq) + E,0(1iq) = Ag0™(aq) +2 H'(aq) + &
ag"(aq) + H,0(1iq) = Ag0 (aq) + 2 H'(aq) +2 &~

Ag 0,799 Ag+ 1,98 Ag++._J::§=l_. AgO+
|02 0

-0,071 AgBr

0.152 Agl

0,06

Ag,S
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Silver continued

Basic solution:

2 aglc) +2 OH (aq) = Ag,0(c) + H,0(diq) +2 & E° = -0.342 v
Ag(e) + CN"(aq) = AgCN(c) + e~ E° =0,09 v
Ag(c) +2 CN"(aq) = Ag(CN)Z(aq) + e~ B =0.32 ¥
ag(c) +3 ON(aq) = Ag(ON)3 (aq) + &~ E° = 0.50 ¥

3 aglc) + Co(ON)Z> (aq) = AgyCo(CN)4(c) +3 ° = -0,298 ¥
L Ag(c) + Fe(CN)Z*(aq) = Ag,Fe(CN)g(c) + 4 & B = -0,148 ¥
Ag(c) + SCN (aq) = AgSCN(c) + e~ E° = -0.0895 v
aglc) + 4 SCN(aq) = Ag(SCN)ZB(aq) +e P =-0.21v
2 agle) +5(aq) = Ag,yS(c) +2 o~ B = 0.65 v
Ag(c) + 2 NHy(aq) = Ag(NHB); +e E° =-0i37 ¥
2 Agle) + M§'(m,} = Ag003(c) +2e B = 047 v
2g,0(c) + 2 OH (aq) = 2 AgOle) + H,0(1iq) +2 e~ E° = -0.60 v
Ag,0(c) + 4 OH (aa) = Ag,0,(c) + 2 H,0(liq) + 4 o B = -0.74 ¥
2 Ag0(c) +2 OH (aq) = Ag,0;(c) + H,0(liq) +2 e B = 0,88 v

-0.37

+
Ag(NH, ),
0,32 Ag(CN);

.__:QAL Ag200
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Vanadium
Acidic solution:
vic) = VH(a.q) +2e E° =1.12 v
V(ag) = V2(ag) + e~ E® = 0.255 v
12 (aq) + H,0(1iq) = V0" "(aq) + 2 H'(ag) + & O =-0.337 v
10"+ (aq) + H,0(11q) = VO;(aq) + 2 H'(aq) +&” E® = ~1.000 ¥
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